ABSTRACT Two nonfimbriate strains of Escherichia coli and their K88+ counterparts, obtained by episomal transfer of this antigen, were studied with the electron microscope. Specimens were prepared with the spray drop method and were studied after shadow-casting. Under these conditions, the alteration in surface structure, due to the acquisition of K88 antigen, appeared as a fur of fine filaments, distinctly more flexible than fimbriae. Purified K88 antigen was also studied and found to have the same structure.
Escherichia coli K antigens are generally difficult to demonstrate with the electron microscope, owing to the low density and high water content of the capsules, microcapsules, or envelopes carrying the specificity. The isolation and chemical analysis of some K-specific substances have shown these to be water-soluble polysaccharides (14, 17, 20 ; G. T. Barry and T. Tsai, Federation Proc. 22:206,1963; B. Jann, Ph.D. Thesis, Univ. Freiburg, Freiburg, Germany, 1965), which might be expected to shrink extensively during the preparation of specimens for electron microscopy (9) .
However, the E. coli antigen K88, the isolation and chemical analysis of which are described in the preceding paper (19) , was found to be a protein (S%O,w = 36.7S) which was retained by filters with a pore size of 0.3 ,u. An attempt to demonstrate a protein of these dimensions with an electron microscope seemed very promising and was facilitated by the fact that K88 is episomally determined and can be transferred to other strains ofE. coli from K88 donors (16, 18) . Pairs of organisms were thus available, the surface antigens of which differed only in the presence or absence of this material. Since pure K88 antigen had been obtained, a morphological identification of this protein with the antigen on the surface of the bacteria also seemed possible.
Recently it was shown that the F episome from E. coli K-12 also carries the information for the production of special F fimbriae or pili (6 Media. Ox heart broth was used for plates and beef broth for fluid medium, as described in the preceding paper (19) .
Preparation of organisms and electron microscopy. Cultures were grown on plates for 20 hr at 37 C, and were suspended in 1% aqueous ammonium acetate (pH 7.39) to a density of about 3 X 108 bacteria per milliliter. (This volatile buffer was obtained by diluting a 50% stock solution, which was prepared from glacial acetic acid and ammonia gas.) Formalin was added (final concentration, 0.4% formaldehyde), and the suspension was kept at 37 C for 1 hr. It was then centrifuged at 1,100 X g for 15 min, and the deposit was carefully suspended in fresh buffer to the same density as before.
The Hemagglutination test. Guinea pig red cells from freshly drawn citrated blood were washed and made up to a 3% (v/v) suspension in saline solution (0.85% NaCI). A slide agglutination test (15) was performed in the following way. Bacteria from plate cultures or from the pellet of a centrifuged fluid culture were stirred with a needle directly into a drop of the redcell suspension on a glass slide at room temperature. The slide was tilted back and forth for 10 min, and the reaction was read against a white background. The mannose sensitivity of the hemagglutination was tested by adding a small drop of a 2% D-mannose solution to the drop of red cells. The mannose test is considered to provide an easy method of distinguishing fimbrial from nonfimbrial hemagglutinin (9, 10).
Purified K88 anitigen. K88 antigen was extracted from D520 and was purified as described in the preceding paper (19) . The protein was precipitated at pH 5.3 and was redissolved in 1% aqueous ammonium acetate to give a solution containing about 0.2 mg of antigen per ml. After dialysis against the ammonium acetate buffer for 24 hr, the solution was mixed with an equal volume of a suspension of Dow polystyrene latex spheres (0.1 38-,A diameter), was diluted 1:400, and was applied to grids in the same manner as described for the bacteria. The latex spheres were added to facilitate the localization of the antigen.
Removal of K88 antigen from D520. A plate culture of D520 was suspended in 0.1 M phosphate buffer (pH 7) and was heated to 60 C for 20 min under gentle agitation. The organisms were centrifuged and treated once again in the same manner. Finally, the bacteria were prepared, mounted, and shadow-cast as described.
RESULTS
Electron microscopy. A total of 115 individual cells of D282 and 40 of D627 (derived from three different preparations of each strain) were inspected and found to be nonfimbriated ( Fig. 3  and 5 ). However, culture D282 dark (see below) did carry fimbriae, as seen in Fig. 7 . In the dried state, these pill had a length of 0.2 to 1.3 ,u and a diameter (measured at right angles to the direction of the shadow casting) of 80 to 130 A. A total of 380 individual cells of D520 and 25 of D628, the K88+ counterparts of D282 and D627, respectively, were inspected. Again the organisms were derived from three different preparations of each strain. In all cases, a more or less dense covering of the bacterial surface with a material of filamentous appearance was observed (Fig. 1, 2, 4, and 6 ). In the dried state, the threads had a length of 0.1 to 1.5,U and a diameter of 70 to 110 A (measured as stated above).
K88 antigen is released from D520 if the organisms are suspended in a pH 6.5 to 9 buffer and heated at 60 to 65 C [see preceding paper (19) ]. When D520, treated twice at 60 C, was examined in the electron microscope, no threadlike surface material was observed (100 individual cells were examined). The organisms were thus indistinguishable from D282 (Fig. 3 ). An agglutination test, however, showed that the K88 antigen was still present on the surface of the treated D520 cells in an amount sufficient to cause agglutination of the cells by a serum containing K88 agglutinins. As seen in Fig. 8 , the purified antigen had the same appearance as the filamentous covering of D520 and D628. A total of 140 fields from three different preparations were examined.
Hemagglutination. The two strains without the K88 antigen (D282 and D627) did not agglutinate guinea pig red cells when the test was performed with culture from a plate, nor did a broth culture of D627 do so even after seven transfers in broth; in contrast, D282 caused hemagglutination after growth in broth. On one occasion, a differentlooking D282 colony was observed on a bromothymol blue plate. This colony, called D282 dark, readily agglutinated the red cells after growth on plates. The rate at which a mutant like this appears in D282 has not been determined, but a colony of similar appearance has not been found during numerous transfers on the blue plates. The hemagglutinating action of D282 dark and of a broth culture of D282 was inhibited by mannose.
However, D520 and D628 (the K88+ cultures of D282 and D627) agglutinated guinea pig red cells. This reaction was best performed in the cold, and the precipitate was eluted when the temperature was raised, but was unaffected by mannose. It was positive only with plate cultures, and not with broth cultures. It appeared that the ionic strength of the suspending medium was of importance for the reaction, and this condition was apparently unfavorable in the broth. A solution of the isolated K88 antigen (0.1 % in phosphatebuffered saline) showed an identical reaction. These hemagglutination results will be reported in detail in a subsequent communication.
DISCUSSION
Upon aerobic cultivation on agar plates, a procedure known to favor the growth of the nonfimbriate phase in Enterobacteriaceae (10, 12) , both D282 and D627 were found to be nonpiliated and with absolutely smooth surfaces ( Fig. 3 and  5 ). An exception, however, was D282 dark, the descendant of a colony which was once isolated on Organisms from this strain were found to possess fimbriae (Fig. 7) . D520 and D628, differing from D282 and D627, respectively, only by the presence of K88 antigen and grown under the same conditions, showed a characteristic difference in surface structure, i.e., a covering with material of threadlike appearance (Fig. 1, 2, 4, and 6 ). It was concluded that this material carries the K88 specificity.
This conclusion is corroborated by the fact that purified K88 antigen has the same structure (Fig.  8) , and is in agreement with the observation that D520 cells, agitated at 60 C in a buffer suspension, no longer show the threadlike surface material. This procedure is known to remove considerable amounts of K88 antigen from the surface.
The difference noted in the amount of protein threads covering individual K88+ bacteria (compare D520 on Fig. 2 and 4) is probably the result of varied degrees of damage to the bacterial surface during preparation for electron microscopy. K88 antigen is easily removed from the organisms by friction [see preceding paper (19) ] and might be expected to be torn off to some extent during the passage through a spray gun. On the other hand, the spray drop method was found to cause a minimum of damage to the bacterial surface by surface tension forces during drying. In general, therefore, this method seemed to be the most suitable for this study.
The question as to whether K88 antigen is of a filamentous structure in the natural state must be regarded as unsettled, as long as the possibility cannot be excluded with certainty that the threads are artifacts formed during the drying of the specimens. However, the finding that K88 has a sedimentation constant of 36.7S and is retained by filters of 0.3-A pore size indicates a protein of very large dimensions, and the threads observed under the electron microscope might well be these macromolecules.
The difference between K88 antigen and the fimbriae of D282 dark is obvious: the K88 threads are somewhat thinner, but are much more flexible and wavy, than the pili. The same holds true in a comparison of our pictures of K88 antigen with those of E. coli fimbriae published by other authors (2-6, 11, 13) . It is also worth noting that the amino acid composition of K88 antigen [see preceding paper (19) ] shows some characteristic differences as compared with that of type I pilin (3). The latter contains, for instance, considerably more alanine and no tryptophan and methionine. Cysteine-cystine was also found in type I pilin, but not in K88 antigen.
Thus, it was concluded that K88 antigen, even if it is truly filamentous, is of a different structure from all E. coli fimbriae hitherto described in such detail that comparison is possible. In Klebsiella (8) and Proteus ("type III pili") (3), however, fimbriae have been depicted which seem less different from K88 threads. At least with the data available, a merely morphological distinction appears doubtful.
Whether K88 protein has any function during sexual recombination of K88 donor strains is being investigated. Preliminary results show that it confers adhesive properties to the organisms, especially hemagglutinating properties, though not of the mannose-sensitive type found in common fimbriae (9) .
It is interesting to note that, although strain D627 already carries another K antigen of the L type, nothing similar to K88 threads is seen on its surface (Fig. 5 ). This finding supports the view that K88(L) is not representative for E. coli L antigens in general.
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